Objective: To model the impact of dementia on past societies. Method:
Introduction
The cumulative effects of advances in medicine, sanitation, and diets seen in the developed world over the last two centuries are a well-rehearsed story. First infectious diseases that previously resulted in frequent and sustained high mortality rates were effectively eradicated, followed more recently by lifestyle changes that reduced the risks of the cardiovascular and pulmonary diseases that came in their wake. As a result, affluent regions are now characterized by populations with growing susceptibility to chronic conditions associated with aging. As a category of disease that is incurable and which commonly increases in incidence with advancing age, dementia is just such a condition. While dementia is not considered part of the "normal" aging process, it does mainly affect older individuals (65+; Alzheimer's Disease International, 2014) , and a broad range of studies are in general agreement that the likelihood of developing the condition advances on a logarithmic scale, doubling approximately every 5 years from the age of 65 (Brookmeyer et al., 2011; Ritchie & Kildea, 1995; Ritchie, Kildea, & Robine, 1992; Rocca et al., 2011) . The term incidence indicates the likelihood that an individual in a defined population will acquire a particular condition during a given period of time. The term prevalence then refers to the count or proportion of persons who currently have that disease at a given point in time. Prevalence therefore conveys information about the overall impact in terms of care and associated services that the condition places on society in general. With regard to dementia, Brookmeyer et al. (2011) point out that as dementias are "relatively common, have relatively long duration, and lead to marked impairment in social and occupational functioning, their burden level is high" (p. 61). The current U.K. prevalence of dementia among people aged >65 is 7.1% (Alzheimer's Society, 2014) . It was estimated that by 2015, there will be 850,000 people with dementia representing 1.32% of the total population. The current financial burden of U.K. dementia care is estimated at £26.3 billion per annum (Alzheimer's Society, 2014) . Global estimates produce a similar picture. Global annual incidence is almost 7.7 million, with global prevalence in 2010 estimated at 35.6 million. The worldwide costs of dementia were assessed to be US$604 billion in 2010 (World Health Organization [WHO], 2012) .
Dementia is an umbrella term used to describe a wide range of conditions all of which affect cognition and result in cognitive impairment. The realization that dementia is becoming an increasingly significant issue among developed countries as average life span increases has prompted a growing number of both regional and global studies estimating the overall disease impact (e.g., Brookmeyer et al., 2011; Catindig, Venketasubramanian, Kamram Ikram, & Chen, 2012; Ferri et al., 2005 ; Gènova-Maleras, lvarez-Martín, Morant-Ginestar, Fernández de Larrea-Baz, & Catalá-López, 2012; Henderson & Broe, 2010; Kalaria et al., 2008) . More recently, such studies have tended toward making hypothetical projections regarding how prevalence and the associated impact on society is likely to develop in the future (Banerjee, 2012; Brookmeyer, Johnson, Ziegler-Graham, & Arrighi, 2007; Colantuoni, Surplus, Hackman, Arrighi, & Brookmeyer, 2010) . While precise methods vary, such studies commonly operate on the principle of estimating future prevalence by forward calculation from age-specific incidence rates and survival figures in relation to projected population size. U.K. dementia prevalence is projected to rise to over 1 million by 2025 and to exceed 2 million by 2051, assuming age-specific incidence remains stable (Alzheimer's Society, 2014) . Similarly, the global figure is projected to almost double every 20 years to 65.7 million in 2030 and 115.4 million in 2050 (WHO, 2012 . A common thread running through such studies is the implicit notion that degenerative conditions associated with old age are among a raft of "modern" challenges that humans have not previously had to contend with in any significant way. Such a view rests on the commonly held assumption that few people in the past survived to what is now regarded as "old age." In this article, we consider several lines of evidence to the contrary, which suggest that elderly individuals were more common throughout the human past than is frequently accepted. On this basis, we take the principle of predicting prevalence in a novel direction. Given that the current incidence and prevalence of dementia are relatively well documented at least in developed regions, it may also be possible to make suggestions regarding the likely extent of prevalence in the past. By back calculating the likely size and age structure of past populations, it should be possible to make some broad but plausible general suggestions regarding the overall order of magnitude of the likely numbers of people affected over time, which we argue is likely to have been considerably greater than previously envisaged. There are many forms of dementia, including early-onset dementia, which is said to affect between 2% and 10% of all cases of those under the age of 65 years (Alzheimer's Disease International, 2014). Given the focus of this article with regard to aging in the past, we have concentrated specifically on dementia that affects older people (65+) and excluded early-onset dementia from the present study. While the rate of progression in these conditions is variable (Mitchell & Shiri-Feski, 2009; Storandt, Grant, Miller, & Morris, 2002) , the general trajectory of cognitive decline is characterized by stages that are progressive and broadly predictable.
Longevity and in the Past
There is broad acceptance of the idea that human life expectancy in developed regions is currently greater than it has ever been (Blagosklonny, 2010; Marsh, 2014; Moody & Saunders, 2014) with a general consensus that in the past people usually died at an earlier age than is common in many parts of the world today. However, notions regarding the actual age people might expect to have lived to at any given time in the past are commonly vague and rarely substantiated by concrete data. In attempting to produce estimates for the likely age structure of past populations, several lines of evidence are available; these are contemporary written sources, age determinations obtained from excavated archeological burials, and ethnographic observations of the age structure of recent preindustrial populations.
Written Sources
The idea that, in the past, few people survived into what we would now call "old age" is a recurrent theme in the popular imagination. For example, in describing the Anglo-Saxon period, Lacey and Danziger (1999, p. 10) state "most adults died in their forties, and fifty year olds were considered venerable indeed" although they provide no evidence to substantiate this claim. In a similar vein, Scott (2010) states that according to a "reliable source . . . in the early 14th century, life expectancy at birth may have been as low as 25" (p. 10). Such views derive largely from misinterpretations of the concept of "average life expectancy at birth" (Cave & Oxenham, 2014; Metzler, 2013, p. 96) . Here, the mean age attained-which by definition will normally be superseded by a substantive portion of the population-is misread as a modal average, that is, the age at which most people might be expected to die. However, a broad range of commentaries by ancient and medieval authors and contemporaneous records provide evidence to the contrary (see Appendix 1.1). During the classical period (500 BC-AD 500), individuals from throughout the Greek and Roman world are repeatedly recorded as having reached ages beyond 60 and even beyond 90. Law codes and administrative documents similarly make common reference to older individuals making it clear that survival to such ages was not uncommon. The same is true for the medieval period where again reaching older age was clearly regarded as unremarkable even if less common than today.
"Dead Populations"-Evidence From Archeological Burials
With regard to past population structure, the only direct source of evidence available is the remains of past people themselves, usually in the form of skeletal material excavated from archeological cemeteries and other burial locations. In considering evidence from human burials, Chamberlain (2000) argues that "there are strong grounds for reasoning that human populations in the past had similar age structures to those documented in the present day" (p. 104). While documentary sources of evidence regarding past populations are progressively more biased, incomplete, and unrepresentative of the overall population with increasing distance from the present, archeological data are less subject to such limitations. On reviewing the picture of past societal age structures provided by skeletal populations, one might initially conclude that the sort of view cited above, whereby few people in the past survived into old age, must be correct. Individuals in younger age categories are well represented, as are those living up to around 50. However, due to limitations in the precision of methods for determining age-at-death from the skeleton, older individuals (i.e., >55 years) often appear underrepresented. Due to differences in the rates at which the skeletons of different individuals deteriorate as they age, it is difficult to differentiate between a 60-year-old and an 80-year-old from their skeleton. Osteologists tend to err on the side of caution, and accordingly, any proportion of a population to have reached advanced ages (70 and beyond) will be masked in such a data set ( Figure 1 ).
Essentially then, age determination in skeletal remains is subject to biases that tend to systematically underestimate the age of older individuals (Cave & Oxenham, 2014; Waldron, 1994 Waldron, , 2007 . However, Chamberlain (2000) has demonstrated that such biases can be overcome by taking a Bayesian approach based on known error rates in skeletal aging techniques, arrived at by applying those techniques to the skeletons of modern individuals whose age-atdeath was documented. By using such an approach, the proportions of a sample assessed as being within each skeletal age category (20-35 years, 35-55 years, 55+ years) can be corrected for systematic bias. He further demonstrates that when such corrected profiles are compared with both model life table data for similar censused populations and documentary burial records (for the same cemetery), a similar characteristic U-shaped mortality profile is produced ( Figure 2) . A similar position is taken by Waldron (1994) who notes that the age distribution of a dead population from a developing country is typically U-shaped with most deaths occurring at both extremes of the age range. As economic conditions improve, the number of deaths in the young tends to reduce, shifting the distribution to the right. Given that archeology effectively offers us a window onto various "developing countries," be they Roman Britain or Pre-Columbian Peru, it is reasonable to expect the populations of such societies to resemble those of modern underdeveloped or developing countries rather than unsubstantiated notions of societies where the elderly were largely absent. These points are further supported by a range of other archeological studies (see Appendix 1.2).
A Window to the Past? The Ethnographic Present
A further strand of evidence useful in assessing past longevity is the analysis of ethnographically studied living populations who pursue ways of living commensurate those of past societies. With regard to such evidence, Gurven and Kaplan's (2007) study of life expectancy among hunter-gatherers constitutes an important resource in that it is both rigorous in its approach and also it utilizes an unparalleled sample of data that are unlikely to become available again as such peoples rapidly become acculturated by contact with more developed societies. In considering only securely documented populations, Gurven and Kaplan demonstrate that survivorship into later life among such groups is not uncommon with an average of 20% survival past 65 years (l65) among hunter-gatherers, 19% in forager-horticulturalists, and 34% among acculturated hunter-gatherers (this latter being groups who have begun to be influenced by aspects of developed societies). These figures compare interestingly with censused data from 18th century Sweden where l65 = 20% (Gurven & Kaplan, 2007, p. 321) . Furthermore, most of the variation between the mortality profiles and respective life expectancy of past populations as compared with those of populations in modern developed countries are accounted for by differences in the infant and child mortality rates with survival into older age categories contributing much less to the overall Note. In less developed societies (Peru, Sri Lanka, and the two 19th-century populations in this example), the curve assumes a more classic U-shape and is steeply angled on the left-hand side reflecting high infant mortality. As societies become more developed, the infant and child mortality rates drop and the right-hand side of the curve becomes steeper as more deaths occur in old age. Importantly, graphs of this kind illustrate the misleading nature of "mean age-at death" figures; in the less developed societies in particular, the mean will be positioned somewhere near the center of the graph despite the fact that very few deaths occur at ages in the middle of the range. Source. *Haines (1979) . ** Waldron (2007) .
differences (Gurven & Kaplan, 2007, p. 330 ). This point is also supported by Chamberlain (2000) who compares modern censused hunter-gatherer groups with a range of farming groups from the 16th to 20th centuries. The l65 figure ranges from 20% to 35% in the hunter-gatherer groups and 20% to 38% among the farming groups. Gurven and Kaplan's study prompts important conclusions regarding humans in general, as they conclude that there is a "characteristic life span for our species" whereby human beings have developed to function for about seven decades in the environment in which our species evolved "before which time humans remain vigorous producers and after which senescence rapidly occurs and people die." The mean modal age at death among hunter-gatherer groups in this study was 72 with a range of 68 to 78 years, which they argue to essentially be the "adaptive human life span." This adaptive estimate prompts the conclusion that many published assessments of prehistoric life expectancy must be incorrect (see Appendix 1.3).
Dementia in the Historical Record
Given the frequency with which past people are likely to have lived past what would now be regarded as retirement age, it is unsurprising to also find mentions of age-related disorders and particularly of dementia. The earliest reference to dementia symptoms in an older individual is an Egyptian text dating from the 24th century BC (Karenberg & Förstl, 2006, p. 7) . Again references to dementia in the elderly both in literary and administrative documents are known from throughout the classical period, while references by Chaucer and Shakespeare (Ottilingham, 2007) demonstrate that dementia in older people was clearly recognized in the medieval and early modern periods (see Appendix 2). The presence of people with dementia in Western societies comes into view more clearly in the postmedieval period as such individuals came to be incarcerated in formal institutions, initially prisons and later asylums, although there may have been little functional difference between the two for those interned within (Porter, 1999) .
Summary
In summary, there are three independent lines of evidence which prompt similar conclusions that the proportion of people surviving into old age in the past has been frequently underestimated. While there is no doubt that greater proportions of people now reach an advanced age than ever before, we otherwise have secure reasons to think the past was essentially like the present in that old age was not in itself uncommon. Furthermore, written records attest the existence of enough older individuals who had developed dementia that it was a state both generally recognized and considered worth commenting upon.
Care in the Past
The actual prevalence of a debilitating condition will depend strongly on people's willingness and ability to provide care and support for affected individuals. With regard to dementia, this raises the question of at what point it became viable to care for infirm elderly individuals during the past? Before the transition to farming and herding, humans lived in small, mobile bands subsisting by hunting and gathering. On one hand, there is a range of welldocumented cases of prehistoric individuals who must have been cared for by others to keep them alive, some of which predate settled ways of living (Dickel & Doran, 1989; Hawkey, 1998; Luna, Aranda, Bosio, & Beron, 2008; Schutkowski, Schultz, & Holzgraefe, 1996; Tilley, 2013; Tilley & Oxenham, 2011; Trinkaus & Zimmerman, 1982 ; also see Figure 1b ). However, these examples all involve physical infirmity and still leave the question of how long a small mobile group could look after a demented individual with a tendency to wander, lacking capacity for self-care, and unable to make positive contributions to group survival. In such circumstances, it seems unlikely that an individual with dementia could expect to survive without assistance for any significant period as the disease progressed. In this respect, the switch to domesticated resources, with its new emphasis on settled ways of living and increasing group sizes, is argued to take on further importance as the point at which human communities first gained the capacity to care for mentally infirm individuals in a sustainable manner (see appendices 1-2).
Method
Pathology by numbers? Modeling past disease prevalence. To produce a model of past disease prevalence, reasonable estimates are required for two sets of variables: first, the structure of past human populations with regard to age at death and second, the extent to which disease incidence and subsequent survival times might have differed in the past. Regarding the former, data for the construction of a general model of past population structures were obtained from Coale and Demeny's (1983) Level 5 model west life tables. These have been shown in previous paleodemographic studies to be useful for modeling preindustrial population structures (Chamberlain, 2000, p. 103) . Given the broad-scale of the present study, we have taken account of intrinsic factors, such as birth and death rates; however, extrinsic factors such as migration have been excluded. While migration no doubt played a significant part in past human history, given the aggregate nature of the present study, its effects are likely to have been minimal in relation to the question being considered. Moreover, migration tends to affect younger-adult individuals moving in and out of societies, and therefore, its effects on those affected by dementia would be further limited. The model life table data were therefore used to construct a set of equations to simulate the development of a closed population over time given a specific birthrate and age-specific mortality rates for a settled, agricultural preindustrial population. Here, a series of algorithms developed by the second author as part of a wider doctoral project were applied (Table 1 ). These algorithms made it possible to progress this static life table, to one that could be advanced in 5-year intervals (to give cohorts within predetermined age categories) to predict population size and age structure from a given initial population (e.g., 10,000) over any given period of time (e.g., 50 years, 500 years, etc.).
To account for the estimated growth rate in preindustrial populations, a birthrate of 4.0 was applied, that is, four live births per annum per 1,000 members of the population, which within the simulations produced a 0.5% increase annually (r). Over time, this results in exponential growth, which can be seen in the short term in populations in the preindustrial era. For example, such growth occurred during the stable and prosperous conditions experienced in Europe between AD 1100 and 1350, only to be temporarily arrested by the Black Death (Gottfried, 1983) . Over the short term, mortality crises, such as the Black Death, can have dramatic effects on population structures. However, again over an extended period, as in the current model intended to cover a period of several millennia, the effects of such events will ultimately be minimal (or at least indistinguishable on such a large scale) in the long term.
A further parameter was then applied to the simulation k(x), which represented the age-specific probability of being affected by dementia. In all age categories below 59 years, this probability was zero. In all age categories from 60 to 64 years and above, this probability was determined by the modern age-specific incidence rates as listed in Tables 1 and 2. To avoid the overestimation of those living with dementia, the mortality rate for each age interval cohort above 60 to 64 was divided between affected and nonaffected individuals. When a cohort progressed to the next age interval category, affected individuals were excluded from those who were at risk of acquiring it within this category. This made it possible to produce an overall incidence rate in a given period taking account of the total population structure.
Size and Structure of Past Populations: How Many People Have Ever Lived?
To estimate the general impact of a given disease with a known incidence during the past, it is necessary to have a plausible estimate for the respective size of the population considered over a given time, in addition to its structure. In the case of the current project, following the principle used to make (number of births per 1,000 individuals in N ). N = population total (e.g., 10,000);
N0
= starting population (e.g., 10,000). yo x = percentage of N0 at age interval cohort Table 2 ); *probabilities given up to x n = 90+.
Table 1. (continued)
forward global dementia projections, we aimed to estimate the incidence and prevalence of dementia retrospectively at a global level by applying the incidence rates and population structure derived from the above model to past global population estimates over time.
A wide range of published estimates for the overall size of the global population at differing times in human history are in broad agreement as to the general trajectory of the growth the human species. Essentially for much of the time modern humans have existed during the last 100,000 to 200,000 years, growth in population numbers will have been relatively stable increasing only very slowly, with radical step-changes occurring at two points. These were the Neolithic Demographic Transition (NDT) and the Industrial Revolution through which we are still living now. For the latter part of human history, population size has since assumed an accelerating rate of exponential growth. Figure 3 illustrates this point by combining a range of published estimates to produce an aggregate view with an upper limit, lower limit, and median point drawn as curves spanning the last 10,000 years. For the purpose of the present study, we have used figures produced by the demographer Carl Haub (2011) for the Population Reference Bureau, Washington. These are broadly accepted internationally, have been subject to repeated revision by the UN, and they also correspond well with the median figures from the aggregated curves in Figure 3 ; so it can be taken as a reasonable representation of current thinking on the course of past world population growth. One criticism of Haub's figures, however, is that they gloss over a large portion of prehistory going from 50,000 BC to 8,000 BC in one tranche and then 8,000 BC to AD 1 in a second. While the population figures given at the beginning and end points of these sections are entirely plausible, the trajectory of change within them is masked. There is general agreement that prior to the birth of agriculture world population is likely to have been essentially stable at a few million forager/hunters (estimates vary from 2 to 3 million at the lower end to 10 million at most at the high end). A figure of 5 million is a reasonable estimate, but the salient point is that this will have begun to change with accelerating speed following the appearance of agriculture so most of the demographic change between 8,000 BC and AD 1 will have happened more toward the end of this period and not as a steady linear expansion. A further reason for using Haub's figures is that they are based on a mathematical model that takes account of population size, birthrates, and death rates and which comes to its own conclusions in a transparent manner. Haub estimates the total number of human beings to have ever been born to be just under 108 billion, although this largely reflects high birthrates coupled with high infant/ child mortality and nothing like this number were ever alive at any one time.
Modeling "Real-World" Incidence and Prevalence
As mentioned above, we have made the assumption that societies consisting of small mobile bands of foragers and hunters would not be able to sustain/ Note. These are shown as a range with high, low, and median estimates for each date used to produce continuous curves on a logarithmic scale (1,000,000s). Population was essentially stable at less than 10 million and grew only very slowly until the advent of farming and the NDT after which growth assumes an exponential rate that is further accelerated in the early modern/postmedieval period. NDT = Neolithic demographic transition. Sources. Haub (2011) , Livi-Bacci (2007), Biraben (1979 Biraben ( , 1980 , Durand (1977) , McEvedy and Jones (1978) , Thomlinson (1975) , United Nations (1973), U.S. Census Bureau (2012), Midwinter (2009). care for a person with dementia for any extended period or in significant numbers, so such groups were excluded from the current project. Consequently, the estimates here only consider human populations since the adoption of agriculture. To arrive at a reasonable estimate for the remaining population, we would need to decide the likely incidence of dementia in a preindustrial population. As stated, the model developed above takes model life table data for preindustrial populations and then applies the age-specific dementia incidence rates for modern populations. This latter is an obvious point where the model could be criticized as incidence of the disease in past populations could have differed. A plausible avenue to explore this point is in the extent of dementia in modern developing countries. Certainly, there is general agreement that late onset dementia is not a phenomenon specific to developed nations. Older people with dementia are found in every world region today (Kalaria et al., 2008) , while Catindig et al. (2012) estimate that 60% of all people with dementia live in developing countries. However, studies conducted on developing countries are often contradictory. Some give a lower age-specific incidence of dementia than developed countries; for example, Catindig et al.'s meta-analysis found a high degree of variation across Asian countries, but others, for example, Aboriginal Australians (Henderson & Broe, 2010) have been recorded to have a higher rate. Kalaria et al. (2008) and Ferri et al. (2005) undertook general international metaanalyses, and both found widely differing prevalence rates among developing countries with generally lower but some higher rates than developed regions.
The source of such variations may lie in genetic or environmental factors. The latter is particularly likely for some populations; for example, levels of smoking, diabetes, hypertension, and other chronic conditions are high among aboriginal Australians and are likely to have an elevating effect on modern rates of dementia in comparison with levels prior to European contact (Smith et al., 2010) . However, other sources of variation may derive from methodological differences between studies (Catindig et al., 2012) and/or cultural differences where signs of dementia may often be regarded as normal aspects of aging and are therefore going undiagnosed (Kalaria et al., 2008) . As it is not currently possible to produce an agreed estimate for "general" levels of dementia incidence among preindustrial societies, we have applied modern age-specific global dementia rates (Table 2) for the purpose of the present study, but would welcome revision of the results should more appropriate rates be defined in the future. When the model was run over sufficient iterations to simulate 75 years (15 iterations of 5-year intervals) using the model life table data for preindustrial populations, the proportion of the total population that developed dementia was 1.81%. The current lifetime incidence rate for developed countries is in the region of 32.8% for men and 45% for women above 65 (Seshadri et al., 1997) . Given that around 16% of people in developed countries will die before 65 (Office for National Statistics, 2007) , this then gives a mean population lifetime incidence of 32.68% (hence, the current level of public attention being given to dementia). Therefore, the results of our model suggest that due to higher levels of mortality and fewer people surviving to the relevant ages, lifetime incidence in preindustrial populations was likely to have been only about 1/18th (5.53%) of that seen in modern developed countries. The principal reason for this difference obviously lies in the much greater levels of infant and child mortality in preindustrial populations, coupled with a lower mean age at death in those that survived their early years. In our model, 71.87% of people born did not live beyond 65 years and so were never susceptible to dementia at the threshold set. When lifetime incidence is recalculated only for those living beyond 65, the figure obtained was 5.42% (approximately 1/6th or 16.5% of the rate in modern populations). This latter difference rather reflects the lower proportion of above 65-year-olds in preindustrial societies reaching the advanced ages beyond 75 that are now extremely common in developed countries after which point dementia incidence rises sharply. Overall, the rates produced by the model then seem like reasonable and conservative estimates, and could be argued to more likely underestimate than overestimate the actual incidence.
To estimate the impact of dementia on the whole of humanity's recent history, the next stage was to take the global population at any given date and then decide what proportion of the world's population at that time are likely to have been (a) mobile foragers, (b) settled farmers/preindustrial, and (c) "modern" developed societies. This is obviously a gross simplification, but we would argue that given the likely margins for error in an exercise of this nature, any finer divisions would be unlikely to increase the overall accuracy. Before agriculture, 100% of the world's populations were foragers with an effective dementia prevalence close to zero (in that such groups could not sustainably care for someone with such a condition). Taking the view that this population was stable at approximately 5 million, any population increase above this must relate to the population explosion of the NDT. We have therefore simply excluded the first 5 million individuals from this point onward with the assumption that everyone else must now be settled farmers and so subject to the lifetime dementia incidence in our model of 1.81%. As such, this rate has then been applied to most of the people who have ever lived.
A further broad division was then inserted that post 1900 in "developed" countries, diets, sanitation, and health care had become sufficiently improved to permit survival rates more closely approximating those that are seen now. The subsequent aging populations would therefore be subject to an increase in dementia incidence as now seen in developed countries. The elderly populations that have been subject to dementia in recent decades were those born in the early part of the 20th century, so this assumption is arguably realistic. The proportion of world population accounted for by developed countries declined from 29% in 1900 to 15% in our own time (United Nations Population Division, 1999) . This change is the result of the population boom in Europe and North America and so on in the 18th and 19th centuries (and briefly post 1945) then followed by declining birthrates in the 20th century plus a corresponding population boom still ongoing in developing countries where most of the world's births now take place.
Results
The above divisions then allowed a modified dementia incidence rate to be produced that takes into account the proportions of the three societal types at each date range to give an incidence number for all the live births in each range (Table 3 ). These are then added together to give an overall figure for the global population since the birth of agriculture, the result of which is 2,624,317,929. At more than 2.5 billion, this may appear to be a staggeringly high figure but in fact represents only 2.44% of the total population who have ever lived. Furthermore, if we then consider how many individuals were living with the disease at any one time, this involves taking the survival time into account for those with the condition. Studies estimating future dementia prevalence work on the principle that length of survival is also modified by the risk of dying from another cause (competing risks; Brookmeyer et al., 2011) . People living with dementia in modern times can live for 10 years (or more) with the condition, but the current average survival time is 4.5 years (Xie, Brayne, & Matthews, 2008) . By assuming a lower average survival time due to greater competing risks in preindustrial populations, we might suggest how many individuals might have been alive at any one time with the condition. This would give a prevalence rate to go with the lifetime incidence rate (Table 4 ). By taking the length of each period (8,000 years for 8000 BC to AD 1, 100 years for AD 1600-1700, etc.) and dividing the total incidence by the number of years, we arrive at an average incidence per year. If this is multiplied by the survival time, we then get a prevalence figure-that is, how many actually living with the condition at any one time. We have done this with a low and higher estimate for preindustrial survival times (2 years and 3 years, respectively), and with a slightly lowered overall rate for the recent periods to take account of developing countries. When calculated in this way, the resulting prevalence figures are actually only a fraction of 1% of the global population in any given period using the lower estimate and only rise above 1% from the mid-20th century at the higher estimate. Haub's (2011) Ferri et al. (2005) arrived at consensus estimates for modern global dementia prevalence divided into 11 WHO regions. The estimates in this study for the least developed regions compare interestingly with those from our own model with figures for North Africa and the Middle Eastern Crescent of 3.6%; Indonesia, Sri Lanka, and Thailand 2.7%; India and South Asia 1.9%; and sub-Saharan Africa 1.6%. Again, these rates would suggest the figures produced by our own model to be understated rather than the reverse. Finally, an obvious test of this approach would be to see what it tells us about modern prevalence. If this modeling approach works, it should give at least a reasonably accurate idea of current global prevalence. Published estimates for current global dementia prevalence vary but tend to fall around 35 million (Prince, Prina, & Guerchet, 2013; WHO, 2012) . Our model gives lower and higher estimates of 25.7 and 30.0 million, respectively, which would appear reassuring in suggesting the model as a whole to be more likely underestimating than over estimating incidence and prevalence over time.
Discussion
While the model presented here has generated some very specific numbers, this was not the primary aim of this exercise. Rather, the present study was intended to explore several issues at a very broad level and it is in this regard that the results generated are argued to be of value. There are three general conclusions which emerge from the simulation we have produced, the first of which concerns the proportion of past people likely to have lived to what would now be regarded as older age. While there is no doubt that the average human life span is now longer than it has ever been and more people survive to a venerable age than ever before, a view that older individuals were a rarity at any time before the modern era (Blagosklonny, 2010; Marsh, 2014; Moody & Saunders, 2014, p. 301 ) is at odds with a broad variety of evidence. The model produced for the present study generates figures for the total numbers of individuals likely to have lived past 65 during recent millennia that run into billions. This is an important point as older people are a group that has received relatively little explicit consideration in studies of the past. Following a realization that the lives of women had previously been underresearched, the most recent group to come into better focus is the young with studies appearing during the last decade or so specifically focusing on evidence for children in the past (Crawford & Shepherd, 2007) . The present study underlines the case for now taking greater account of older people as having been both alive and contributing to past societies in greater numbers than is commonly accepted. We would argue that older people remain a group which has received disproportionately little attention in studies of the past and to whom it is logical to now extend the same consideration as other previously marginalized sections of society. Notable exceptions to this include the recently published studies by Cave and Oxenham (2014) and Gowland (2015) . The latter suggests bioarcheological methods for identifying possible incidences of past elder abuse. This is particularly relevant to the present study given there is a higher than average prevalence of elder abuse among people with dementia (Cooper, Selwood, & Livingstone, 2008) . With increasing awareness of older people in past societies, it is hoped there will be more studies to join these in the near future.
Second, our initial model has been used to estimate the numbers likely affected by a condition specifically associated with advancing age for which incidence and survival times are known with reasonable accuracy. Of course, a thought experiment of this kind will have very large margins for error being dependent on a raft of necessarily broad assumptions. The method we have developed here is obviously open to criticism on this basis (as are all simulations). We were conscious of this from the outset and were under no illusions that it might be possible to arrive at figures that could be described as precise. Instead, we aimed to arrive at a plausible suggestion based on explicit and reasonable assumptions for the likely overall order of magnitude of the occurrence of this condition to foster general conclusions regarding its likely impact on human societies over time. We would contend that the overall approach taken is sound insofar as it borrows an approach in current use for making forward predictions for global dementia prevalence, where such modern projections for the future trajectory of dementia produce results at variance with each other these discrepancies are argued to relate to differences in assumptions and diagnostic criteria rather than in calculation methodology (Brookmeyer et al., 2011) . In spite of these points, the approach we have taken could still be criticized for being oversimplistic and there are certainly aspects of the model that could be refined. For example, survival times for modern people diagnosed with dementia aged less than 70 tend to be longer than for those diagnosed after 70 (Xie et al., 2008) . These nuances could be specifically built into the model rather than glossed over as a single mean survival time as we have used. However, given the overall margin of error in the population estimates and the relative incidences we have used for past populations, such a refinement would not produce final figures that could be regarded as substantively more accurate or useful. Our highly simplified view of human socioeconomic development could similarly be elaborated to take account of a range of more subtle definitions and differing levels of early industrialization. Again, this would present considerable challenges in terms of estimating the relative effects and proportions of each distinction in population numbers while doing nothing to reduce the overall margin of error in the final results. Such refinements would also leave the central conclusion of this study unaltered, that while the prevalence of dementia in past societies will have been less significant than in modern populations, it most certainly affected numerous individuals and those who will have provided their care. Where population estimates exist for the likely size of particular settlements at a given date in the past, it is possible to set this conclusion into a specific context. For example the population of Imperial Rome in the 1st century AD has been plausibly estimated at around 450,000 (Storey, 1997) , while the population of 14th century London just prior to the Black Death has been estimated in the order of 80,000 to 100,000 (Galloway & Murphy, 1991) . Assuming these populations represent those surviving beyond infancy, when the lifetime incidence rate in the present study (1.81%) is modified by excluding those dying before their 5th year, the result is 2.16%. Applying this rate to Rome and London at these dates would mean that in these cities 9,720 and 1,728 to 2,160 inhabitants living at these respective times could expect to develop dementia during their lifetimes.
Finally, a further implication of the present study is that the method presented here could be adapted and applied to other categories of chronic disease, although caution must be taken where past and modern ways of living diverge, and exposure to relevant risk factors may have differed. Arguably, the most important conclusion to emerge from the present study is that rather than being a new development that humans have not previously needed to cope with, the model presented here places dementia alongside a wide range of other challenges that have affected human societies for thousands of years. If this is the case, then a further conclusion would be that dementia is a trial that has so far been withstood successfully, on one hand at a proportionately lower incidence but on the other without the considerable clinical, technological, and social advances that have been made in recent times, which we suggest is a cause for optimism as planners decide how best to face this continuing challenge in the future.
Appendices

Longevity in the Past
1.1. Written sources. Kebric's (1988) review of the literary and epigraphic evidence for Greece and Rome between 500 BC and AD 500 found more than a thousand named individuals recorded as living beyond 60, with many reaching their 80s and some living to even greater ages. Examples include Isocrates (Athenian orator 436-338 BC) who lived to 91, Heraclitus (Greek philosopher c.535-c.475 BC) who allegedly died at 96, and the mathematician Pythagoras (580-489 BC) who also survived to 91 (Pelletier, 1981) . In the classical world, 60 was commonly regarded as the threshold of old age and the possibility of needing to be cared for in later life was one reason people were urged to have children (Pelletier, 1981) In a similar vein, the Roman Emperor Tiberius (42 BC-AD 37) issued an edict forbidding people from reproducing at above 60 on the basis that bringing up children would present too much of a challenge by this age and that parents might not live to see their offspring into adulthood. The salient point here is that this was a sufficiently common occurrence for such a proscription to be thought necessary. Furthermore, the ages at which one might be called upon for active military service in both Greece and Rome up to the 1st century BC ranged from 18 to 60 (Matheson, 2005) . Many examples are known of individuals remaining on active service past this age, while in Sparta, 60 was the youngest age at which men were permitted to serve in government after relinquishing military duties (Hodkinson, 2002, 106) . Both literary allusions and contemporary records also demonstrate the presence of older individuals in the medieval period. Sandidge (2007) cites 30% of members of the House of Lords during the period 1350-1500 to have lived past 60; while in Tuscany, 14.6% of the population were above 60 in 1427. One of several older characters in the Canterbury Tales, Chaucer's Knight has fought in battles 42 years apart leaving him close to 60 at the very youngest (Sandidge, 2007) . In short, where older ages are mentioned in historical sources, it is in the general context of such survival being at least relatively common rather than a rare and unusual occurrence.
"
Dead populations"-Evidence from archeological burials. In a similar spirit to Chamberlain (2000) , Cave and Oxenham (2014) demonstrate a method of seriating "older" individuals within an Anglo-Saxon cemetery population by paying careful attention to tooth wear and using life table data from modern Hadza hunter-gatherers. Here, "some 66% of the entire adult sample, originally allocated to the single final age category of 45+ years, was distributed across four new age categories from the mid-40s to mid-70s." These are important studies as they demonstrate skeletal data to constitute reliable evidence that uniformitarian assumptions about the structure of past populations are broadly correct and also that model life table data derived from modern (or relatively recent) populations are broadly applicable to the past. In both cases, these points lead to a conclusion that a substantive proportion of any human population would normally be expected to survive beyond 60 regardless of the period in which they lived. The concept of mortality profiles shifting in line with changes in economy and subsistence methods is also supported archeologically. The most prominent example of such is a pronounced change in the composition of cemetery populations apparent throughout the world at the time of the birth of agriculture. Farming appears to have arisen independently in eight world regions between c.9500 BC and c.1500 BC. The resultant change from mobile foraging to a settled, sedentary lifestyle, combined with the increased availability of high calorie foods in unprecedented volumes dramatically increased the numbers of people a given area of land could support while also reducing the viable interval between births as infants no longer needed to be habitually carried for long distances (Hrdy, 2009) . As a consequence, population sizes expanded dramatically, with this change, generally referred to as the Neolithic Demographic Transition (NDT), constituting one of the major demographic shifts in human history and one of the most important events to affect our species. Bocquet-Appel (2011) demonstrates that the NDT can be seen in archeological cemetery populations throughout the world in the form of an abrupt increase in the proportions of 5-to 19-year-olds coincident with the advent of agriculture. He suggests that "at the peak of the NDT there were children everywhere and the average age of the population was about 18 years old" (Bocquet-Appel, 2011). Without other factors taking effect, this population explosion would have led to exponential growth; however, these new ways of living also brought increased exposure to infectious disease, which increased overall mortality so that demographic profiles soon took on a growth rate and mortality profile typical of preindustrial farming populations observed in more recent times (Bocquet-Appel, 2011 ). This point is further supported by a recent study by Fahlander (2013) who found 18% of the burials in a Middle Neolithic cemetery in Sweden to fall in the "older adult" category. This would be consistent with the l65 rate of approximately 20% observed for preindustrial populations in general during more recent periods (Gurven & Kaplan, 2007) . Conversely, Sterling (1999) demonstrates statistically significant differences in mortality profiles between skeletal samples from Predynastic and early Dynastic cemeteries from Ancient Egypt (pre and post c. 3000 BC, respectively). In this case, while the former exhibit a profile that is skewed toward the younger age categories, the latter contain greater proportions of Middle and Older aged adults (usually categorized as individuals aged 35-50 and 50+). This change is coincident with the introduction of more efficient, collectively irrigated agriculture and the emergence of civilization, and would be consistent with the notion that Egyptian society became capable of supporting greater numbers of older individuals from this point onward.
A window to the past?
The ethnographic present. Paleolithic humans (before 8000 BC) have previously been claimed to have had a mean life expectancy of only 15 to 20 years, increasing to 25 years with the birth of agriculture (Cutler, 1975; Weiss, 1981) . Prior to the development of agriculture (during the Neolithic), all human societies lived by hunting and gathering, and for the last 10,000 years, we have no reason to think that conditions were any less favorable than they have been recently. In fact, the opposite is probably true in that modern hunter-gatherers have often been forced to live in marginal environments unfavorable to settled farming, whereas in the past, they would have lived in considerably richer surroundings where survival was easier. In considering previously published prehistoric life tables, Gurven and Kaplan (2007) note that these estimates show greater differences between modern and prehistoric hunter-gatherers than have been shown between modern hunter-gatherers and wild chimpanzees in their own study. They conclude that such tables can therefore be regarded as overly pessimistic stemming probably from systematic biases and inaccurate estimates. Moreover, if such profiles represented genuine past mortality with so few people reaching old age, this would raise the question, "How the human life course as it now exists had ever evolved at all?"
Dementia in the Historical Record
The earliest acknowledged mention of symptoms consistent with dementia is contained in an Egyptian text from the 24th century BC. Here, an elderly court official (Ptah-Hotep) is described as spending "every night becoming more childish" and whose "heart is exhausted and fails to remember yesterday" (Karenberg & Förstl, 2006, p. 7) . Clear references to dementia in old age are later found in the writings of a range of classical authors, the earliest of whom, Pythagoras, dates from the 7th century BC. This text divides the human life course into four stages during the last of which "the system returns to the imbecility of the first epoch of infancy" (cited in Berchtold & Cotman, 1998, p. 173) . While Pythagoras claimed this was an age to which "fortunately very few of the human species survives," the inclusion of consideration of loss of mental capacity in old age in Athenian law codes of the following century would indicate that such loss of faculties was sufficiently common to be taken seriously by those in government (Berchtold & Cotman, 1998, 173) . A deterioration of mental faculties was also mentioned by Hippocratic writers in the 4th century BC and elaborated on by Plato and Aristotle (Karenberg & Förstl, 2006) . Virgil (70-19 BC) is famously quoted for noting that "Age carries away all things, even the mind" (Eclogues IX, 51). With characteristic insight, and in tones that accord well with modern ideas on the subject, the Roman author and orator Cicero (106-43 BC) viewed elderly mental decline as something that could specifically be averted or at least delayed by maintaining an active and engaging life. Three centuries later, the Roman physician Galen (c. AD 150-200) described "morosis" as a condition that could occur in various circumstances including old age (Berchtold and Cotman, 1998, 174) specifically noting memory loss as an important component. Karenberg and Förstl (2006) cite a broad range of authors of medical, philosophic, and literary texts that span the classical period through to the 3rd century AD who give repeated descriptions of symptoms consistent with modern observations of Alzheimer's disease (AD), vascular dementia (VaD) and other kinds of dementia, noting that the overall prevalence of these mentions would therefore seem to reflect the "prevalence of such observations and concerns in real-life." In fact, the use of the term senile to denote demented individuals rather than its original meaning aged is likely to have had its roots in the writings of this period (Berchtold & Cotman, 1998, p. 175) . Classical thinking remained the guiding principle in European medicine until the renaissance (Porter, 1999) . Little further thought appears to have been given to dementia up to this time, probably as it was regarded as an inevitable feature of aging rather than a pathological condition that might be preventable or treatable. However, literary references, particularly by Chaucer and Shakespeare (Ottilingham, 2007) again confirm that senile dementia (as distinct from other forms of mental illness) remained prevalent enough to be both generally recognized and considered worth mentioning. 
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